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cell shape changes during development (like dorsal and thoracic
closures) and stress responses (like wound healing) in the fruit
fly. We have characterized a zinc finger protein that we call
Piragua, and a novel factor that we call Amigo de Fos, besides
the better known fruit fly homologues of the Jun and Fos
transcription factors, and the repressor Anterior Open. In
particular, Amigo de Fos is a protein with a conserved domain
required for Fos activity during dorsal closure and eye
formation, whereas Piragua acts both in parallel to the Jun
kinase pathway, and in the pathway with Jun and Fos. The
emerging picture is of a higher complexity than hitherto thought
for the nuclear events in this evolutionarily conserved signaling
pathway.
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CNBP is phosphorylated by PKA during zebrafish
embryonic development
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Cellular Nucleic acid Binding Protein (CNBP) was reported
as a protein essential for normal forebrain development in
mouse (Chen et al., 2003) and chicken (Abe et al., 2006).
Zebrafish CNBP is expressed in the anterior CNS in a similar
way to the observed in early chicken and mouse embryos.
CNBP knockdown cause neural crest derivative depletion in
zebrafish embryos. Collagen 2a1 (col2a1) in situ hybridization
on these embryos showed defects in the formation of facial
cartilage (Weiner et al., submitted). On the other hand, Sox9
function, a transcriptional factor involved in early events of
neural crest development, is promoted by cAMP-dependent
protein kinase (PKA) activity. This modification enhances
Sox9 function in the transcriptional activation of col2a1
enhancer/promoter in cartilage cell (Huang et al., 2000). To
analyse if CNBP is post-translationally regulated by phosphor-
ylation during the embryogenesis of vertebrate, we carried out
in vitro phosphorylation assays using zebrafish embryonic
extracts and observed that CNBP was differentially phos-
phorylated during embryogenesis. PKA was identified as the
predominant kinase that phosphorylates on the unique CNBP
putative conserved phosphorylation site. Then, this post-
translational modification may not only exist in zebrafish but
also in other vertebrates. Finally, we observed that CNBP
phosphorylation modified its biochemical activities (Lombardo
et al., 2007). It seems likely that phosphorylation might be a
conserved post-translational modification that allows CNBP to
perform a fine tune of the expression of a group of genes
during neural crest development.
doi:10.1016/j.ydbio.2007.03.184
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PDZ domains are modular protein interaction domains that
play a role in cellular signaling, protein targeting and protein
complex assembly. Zebrafish GIPC1 (Synectin; RGS19IP1;
TIP-2; SEMCAP1) is a 39-kDa protein containing a single
modular PDZ domain. Gipc1 ablation in mice as well as knock
down in zebrafish has recently been shown to lead to defects in
the arterial system (Chittenden et al., 2006). We have cloned
and characterized the zebrafish gipc1 and show here its gene
and protein expression in developing zebrafish embryos. Whole
mount in situ hybridization indicates that gipc is expressed as
maternal RNA. In early embryos, GIPC mRNA was found
concentrated at cell junctions, whereas in later stages (from
shield to prim 6) a more ubiquitous gene expression was ob-
served. After the prim 6 stage, strong expression was found in
the brain and notochord. Several of these gene expression do-
mains overlapped with Gipc protein expression in the develop-
ing zebrafish. We have further characterized the cellular
localization of Gipc in cultured zebrafish fibroblasts. Gipc
protein was detected at the nuclear membrane and throughout
the cytoplasm. In summary, we present here the first temporal
and spatial gene and protein expression patterns of Gipc in a
developing zebrafish.
doi:10.1016/j.ydbio.2007.03.186
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Research on the mechanisms of embryonic induction had a
great setback in the 1940s when Barth discovered and Holtfreter
confirmed that ectoderm of Ambystoma maculatum salamander
embryos could form brain tissue when cultured in a simple
saline solution. We have revisited this classical experiment and
found that animal cap ectoderm cultured attached to a sub-
stratum can self-organize to form complex organs such as brain
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vesicles, eyes, lens and olfactory placodes. Only anterior neural
organs were generated. Under these culture conditions ERK
became diphosphorylated, indicating a sustained activation of
the Ras/MAPK pathway. Addition of U0126, a specific anta-
gonist of MEK, the enzyme that phosphorylates ERK/MAPK,
inhibited neural differentiation. We conclude that neural
induction in the absence of organizer is mediated in Ambys-
toma maculatum by MAPK activation. These findings provide
a molecular explanation for the activity of heterologous neural
inducers described by early experimental embryologists.
doi:10.1016/j.ydbio.2007.03.187
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During gastrulation, the vertebrate embryo utilizes a com-
bination of signaling pathways to achieve neural induction.
In Xenopus embryos, the inhibition of bone morphogenetic
proteins (BMP) by antagonists such as chordin and noggin,
in the Spemann organizer, leads to dorsalization of
mesoderm and neutralization of ectoderm. Remarkably,
neural induction can also be achieved through activation of
the Ras/MAPK pathway which resulted in the phosphoryla-
tion and inhibition of the BMP signal transduction factor
Smad1. Upon further analysis of the linker region, we
identified that Smad1 is also phosphorylated by GSK3, a
serine–threonine kinase involved in signal transduction of
the Wnt pathway. This is of particular interest since in-
hibition of the Wnt pathway is required for mesoderm
dorsalization and neurogenesis. We found that GSK3
phosphorylates Smad1 which requires a priming phosphate
provided by MAPK phosphorylation. Phosphorylated Smad1
is then recognized by the E3 ubiquitin ligase Smurf1 which
targets Smad1 for degradation by the proteasomal machinery.
The results suggest that three separate pathways, BMP, MAPK
and GSK3 might be integrated at the level of Smad1
phosphorylations.
doi:10.1016/j.ydbio.2007.03.188
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The tumor necrosis factor receptor-associated factor or
TRAF family of proteins relay signals from cytokine receptors
to downstream effectors to affect apoptosis, inflammation, im-
munity and cell proliferation. The TRAF family consists of six
proteins, TRAFs 1–6, and with the exception of TRAF4, all
typically function in tumor necrosis factor (TNF) or inter-
leukin/toll-related (IL/TLR) signal transduction pathways. The
function of TRAF4, in contrast, is poorly understood. In this
study we show that TRAF4 overexpression in Xenopus em-
bryonic animal cap explants enhances signaling by both nodal
and BMP pathways. Conversely, blocking TRAF4 reduces
signaling by both pathways, revealing that TRAF4 acts as a
positive effector of BMP and nodal signaling. Embryonic ex-
pression of TRAF4 is maternal but later localizes to the nascent
mesoderm of the early gastrula, and at neurula stages TRAF4 is
expressed in the head neural crest and other anterior neurec-
todermal tissues. Misexpressing or blocking TRAF4 disrupts
formation of anterior neural tissues, particularly the neural
crest, implicating TRAF4 in neural crest fate specification. At
the mechanistic level, we show that TRAF4 interacts with the
E3 ubiquitin ligase, Smurf1 resulting in TRAF4 degradation
via ubiquitylation and the 26S proteasome. Smurf1 in turn may
be regulated by ubiquitin ligase activity ofTRAF4. Since a
principal function of Smurfs is to inhibit signal transduction by
TGFβ family receptors, Smads and transcription factors, our
results suggest that signaling in BMP and nodal pathways are
in part be governed by a cross-regulating, dual ubiquitin ligase
system.
doi:10.1016/j.ydbio.2007.03.189
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BMPs play important roles in regulating lung development.
However, the molecular mechanism of BMP signaling in
regulating lung formation is not known. Alk3 is a BMP type I
receptor that transduces the regulatory signal from cell surface to
intracellular components. Expression of Alk3 was first localized
in airway epithelial cells in developingmouse lung. The function
of endogenous Alk3 during mouse embryonic lung development
was therefore determined using a lung epithelial-specific
conditional knockout mouse model. By crossing an SPC-rtTA/
TetO-Cre transgenic driving line with a floxed Alk3 mouse line,
Alk3 gene was specifically knocked out in lung epithelial cells
by giving doxycycline induction from different developmental
stages. Abrogation of Alk3-mediated BMP signaling in mouse
lung epithelia from the beginning of lung organogenesis (E7.5)
or from late gestation stage (E17.5) resulted in similar and severe
neonatal respiratory distress, accompany with collapsed lung
structure. In addition, E7.5-induced Alk3 knockout also caused
retardation of lung branching morphogenesis at mid gestation
stage. Further study found that lack of Alk3-mediated BMP
signal in lung epithelial cells resulted in reduced mid-distal
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